

























































































































Figure 1.1 A schematic of the possible origins of 
chromosome abnormalities associated with Down syndrome. 
Gametes duplicate chromosomes to produce more gametes 
(oocytes or sperm). Although human cells contain 23 pairs 
of chromosomes, only two are illustrated here for clarity 
(red and blue). The gamete of one parent- illustrated in 
the yellow box- fuses with the gamete of the second parent- 
in the blue box- resulting in the zygote, the first cell of 



















































































Table 1.1 A review of the studies of verbal memory in individuals with DS and main findings 
CA	range	(years:	months)	
MA	range	 Study	design	 Group	matching	 Impairment	found?	 Form	of	memory	assessed	 Main	conclusions	 Reference	
4:00-	32:00	 2-4:11	 Cross	sectional	(N=61)	and	longitudinal	(between	2	and	6	assessments)	(N=147)	
None-trajectory	 _	 Memory	of	sentences	 Slight	increase	from	4	to	18	years,	then	decline	into	adulthood,	greatest	variability	at	age	18	but	still	not	significant	
(Couzens,	Cuskelly,	&	Haynes,	2011)	
6:04-17:03	 3:00-7:10	 Cross-sectional	(N=54)	 K-ABC	 Yes	 Auditory	word	span	 Improved	slightly	with	increased	age,	greater	variability	in	controls	
(Frenkel	&	Bourdin,	2009)	







































(Hick,	Botting,	Conti-Ramsden,	&	ContiRamsden,	2005)	10-18	 4:08-6:11	 Cross-	sectional	(N=30)	 Logical	Operations	 Significant	effect	of	group	and	of	visual	similarity	across	groups,	no	significant	interactions	
Picture	span:	control,	phonologically	similar,	visually	similar,	long	names	
Evidence	for	visual	over	phonological	encoding,	in	both	groups	from	MA	5	onwards.	Evidence	for	similar	strategies	at	MA	between	TD	and	DS	groups		

























































Table 1.2 A review of the studies of visuospatial memory in individuals with DS and main findings 
CA	range	 MA	range	 Study	design	 Group	matching	 Impairment	found?	 Form	of	memory	assessed	 Main	conclusions	 Reference	4-32	 0-7:11	 Cross	sectional	(N=61)	and	longitudinal	(N=147)	

































































Non-verbal	MA	(LIPS)	 No	comparison	of	overall	abilities	 Pattern	Recall,	BPVS,	EVT	 No	significant	difference	in	developmental	trajectories	of	pattern	recall	abilities	
(Hick	et	al.,	2005)	









































































Figure 1.2 Proposed relationship between CA and memory 
abilities in the DS and TD populations, based on literature 
reviews 


















































Table 2.1 Mean and range of CA of DS and TD groups in each 
age-group, overall N and N of each gender, including the 
extra group of younger CA TD individuals, in early 
childhood (3 to 9 years old), late childhood (10 to 15 
years old) 







Table 2.2 The highest level of education that mother and 
fathers of participants with DS and TD participants 
achieved 








Table 2.3 The order of tasks, day each assessment was 
administered to participants with DS, and what section of 
the procedure the tasks are described within.  
Task	Order	 Day	1	or	2	of	assessment	in	DS	group	





























Table 2.4 MA equivalent and Verbal score means and ranges 
of DS and TD groups in each age-group 










Table 2.5 Mean and range of non-verbal raw scores 
calculated from pattern construction, and N that produced 
data 





Table 2.6 Mean and range of MA calculated from recall of 
digits forward, and N that produced data 
	 Early	Childhood	 Late	Childhood	Measure	 DS	 TD	 DS	 TD	Original	N	 22	 16	 21	 16	Recall	of	Digit	Mean	MA	in	months	(range)	
53.60		(30-61)	 90.19		(43-141)	 61.11		(60-73)	 162.75	(73-216)	











Table 2.7 Mean and range of MA calculated from immediate 
verbal recall, and N that produced data for immediate and 
delayed verbal and spatial tasks  
	 Early	Childhood	 Late	Childhood	Measure	 DS	 TD	 DS	 TD	Original	N	 22	 16	 21	 16	Immediate	Verbal	Mean	MA	in	months	(range)	
56.85		(46-79)	 83.86		(46-117)	 65.94		(60-99)	 159.94	(99-216)	






Table 2.8 Mean and range of non-verbal MA calculated from 
picture recognition, and N that produced data 
	 Early	Childhood	 Late	Childhood	Measure	 DS	 TD	 DS	 TD	Original	N	 22	 16	 21	 16	Picture	Recognition	Mean	MA	in	months	(range)	
39.53		(30-61)	 86.00		(46-135)	 63.70		(30-135)	 175.94	(94-216)	






Figure 2.1 The percentages of each age-group within the two 




























Late Childhood DS 
Early Childhood 
TD 








Table 2.9 N that produced data for experimental assessments  
	 Early	Childhood	 Late	Childhood	






Figure 2.2 Percentage of each age-group within the two 












































Table 2.10 The Children’s Behaviour Questionnaire scales 















































Table 2.11 The Early Adolescent Temperament Questionnaire 








































Table 2.12 The Vineland domains, subdomains and questions 
in each subdomain 
Domain	 Subdomains	(questions	in	subscale)	
Communication	 Receptive	(20)		 Expressive	(54)		 Written	(25)	















Table 2.13 A comparison of CA and cogntive measures calculated from previously described 
standardised tests within early and late childhood groups 
	
	 Early	Childhood	 Late	Childhood	
	 DS	 TD	 p	 ηp2	 DS	 TD	 p	 ηp2	CA	 73.55	 71.19	 0.718	 0.004	 147.95	 139.63	 0.246	 0.040	BPVS	MA	months	[range]	
53.83	[45-64]	 75.60	[52-171]	 <0.001	 0.532	 62.06	[52-93]	 156.31	[99-192]	 <0.001	 0.777	
Verbal	score	[Range]	 38.80	[12-79]	 88.38	[40-149]	 <0.001	 0.614	 66.15	[29-106]	 143.69	[111-160]	 <0.001	 0.861	Pattern	Construction	Raw	Score		





56.85	[46-79]	 83.88	[46-213]	 <0.001	 0.383	 65.94	[60-99]	 159.94	[99-216]	 <0.001	 0.720	
Picture	Recognition	MA	in	months	[Range]	
39.53	[30-61]	 86.00	[46-195]	 <0.001	 0.643	 63.70	[30-135]	 175.94	[94-216]	 <0.001	 0.752	
Digit	MA	in	months	[Range]	







Figure 2.3 The relationship between CA and BPVS MA 
	
R² = 0.28448 































Figure 2.4 The relationship between CA and verbal score 
R² = 0.57604 



















Chronological Age (months) 







Figure 2.5 The relationship between CA and pattern 
construction raw scores 
			
R² = 0.09515 
















Chronological Age (months) 







Figure 2.6 The relationship between CA and pattern 
construction MA  
	
2.4.5.1.3 	Recall	of	digits	Many	of	the	younger	participants	with	DS	were	unable	to	attempt	recall	of	digits	forwards.	The	relationship	between	CA	and	digit	recall	raw	scores	was	significant	in	the	TD	group,	r(35)=0.721,	p<0.001,	whereas	in	the	DS	group	the	
R² = 0.56291 















Chronological age (months) 











R² = 0.04038 




















Chronological Age (months) 












R² = 0.28515 






















Chronological Age (months) 













R² = 0.33612 















Chronological Age (months) 







Figure 2.10 The relationship between CA and picture 
recognition raw scores 
	CA	also	explained	more	of	the	variance	in	picture	recognition	MA	in	the	TD	group,	r(35)=0.856,	p<0.001,	than	the	DS	group,	r(38)=0.658,	p<0.001,	as	shown	in	Figure	2.11.	A	two-way	ANOVA	was	conducted	to	examine	the	effect	of	age	and	group	on	picture	recognition	MA,	the	DS	group	scored	significantly	lower	than	the	TD	group	(F(1,67)=176.67,	p<0.001,	ηp2=0.724).	The	early	childhood	group	scored	significantly	lower	than	the	late	childhood	group	(F(1,67)=90.81,	p<0.001,	
R² = 0.26051 


























Chronological Age (months) 







Figure 2.11 The relationship between CA and picture 
recognition MA 
2.4.5.2 	Summary		The	participants’	recruitment,	testing	protocol	and	demographic	backgrounds	were	characterised.	The	tasks	used	in	this	research	project	have	been	described	with	inclusion	criteria	and	the	appropriate	ages	of	assessment.	The	outcome	measures	of	each	task,	with	mean	MA	and	N	that	successfully	participated	in	each	task	were	outlined.	The	methods	used	for	analysis	were	also	described.	Each	of	the	standardised	task	raw	and	MA	equivalent	outcomes	were	correlated	with	CA	in	each	experimental	group.	The	relationships	between	the	groups	over	age	were	reported	for	each	standardised	task.	The	groups	were	split	into	early	and	late	
R² = 0.43353 
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Figure 3.1 The separate processing pathways of visual and 
spatial memory from the visual cortex towards the PFC, 












































Table 3.1 Mean and standard deviation (SD), CA, verbal 
score and non-verbal measures of the participants included 
in this analysis, and the N included in each assessment 
	 Early	Childhood	 Late	Childhood		 DS	 TD	 DS	 TD	Mean	CA	in	months	(SD)	 74	(20)	 71	(20)	 148	(22)	 139	(19)	CA	range		 45-99	 48-99	 118-170	 114-166	N	(Female)	 17	(10)	 14	(10)	 16	(9)	 13	(7)	Mean	BPVS	verbal	score	(SD)	 41	(17)	 87	(22)	 68	(18)	 141	(15)	N	(Female)	 16	(9)	 14	(10)	 16	(9)	 13	(7)	Mean	Pattern	construction	raw	score	(SD)	 6.6	(6.3)	
26.4	(14.8)	 12.8	(7.5)	 40.1	(13.4)	














Figure 3.2 The stimuli for the object memory study trials 
and test trial, shown here in test trial 1 configuration, 







Figure 3.3. The stimuli for the object-in-place memory 
study trials and test trial, shown here in test trial 2 




















Figure 3.4 Mean PLT to target in object and object-in-place 
memory tasks of the DS and TD groups. Error bars represent 



























   Figure 3.5 Object memory PLT of DS and TD groups in 
trial 1 and 2, error bars represent +/-1 SE. Chance is 
marked with a horizontal line at 25, group means 



























Figure 3.6 Object memory PLT of DS and TD groups in trial 1 
and 2 in early (top) and late (bottom) childhood. Error 
bars represent +/-1 SE. Chance is marked with a horizontal 
line at 25%, group means significantly above chance are 
















































Figure 3.7 Object-in-place memory PLT of DS and TD groups 
in trial 1 and 2. Error bars represent +/-1 SE. Chance is 
marked with a horizontal line at 25%, group means 


























Table 3.2 Correlation coefficients, significance and N’s 
for object and object-in-place memory PLT scores and, 
respectively, CA, BPVS verbal score and pattern 
construction non-verbal raw score, split between DS and TD 
groups. CA in months 
Group	 Measure	 Statistic	 CA	 Verbal	score	 Non-verbal	raw	score	
DS	
Object	Memory	
Pearson	Correlation	 0.251	 0.16	 0.319	Sig.	(2-tailed)	 0.159	 0.39	 0.098	N	 33	 31	 28	
Object-in-place	Memory	
Pearson	Correlation	 0.017	 0.099	 0.186	Sig.	(2-tailed)	 0.929	 0.604	 0.344	N	 31	 30	 28	
TD	
Object	Memory	
Pearson	Correlation	 0.188	 0.021	 -0.044	Sig.	(2-tailed)	 0.379	 0.929	 0.841	N	 24	 20	 23	
Object-in-place	Memory	























































































































Table 4.1 The variables measured in this chapter and the 
assessment they are derived from, along with the minimum 
and maximum scores possible or achieved 
Task	 Dependant	variable	 Minimum	 Maximum	Immediate	verbal	(each	trial)	 Average	N	of	items	recalled	 0	 20	Immediate	verbal	(overall)	 Average	N	of	items	recalled	 0	 60	Immediate	and	delayed	verbal	(primacy,	mid-list,	recency)	
Average	N	item	in	each	block	was	recalled	 0	 1	
Delayed	verbal	 Total	N	recalled	after	delay	 0	 20	
Delayed	verbal	(decay)	
Mean	N	recalled	LTM	as	a	percentage	of	mean	N	in	third	immediate	verbal	 0	%	 150	%*	









Table 4.2 The mean and standard deviation (SD) CA, digit 
span MA, and verbal fluency raw scores, verbal and non-
verbal measures of all participants included in this 
analysis, and the N included in each assessment 
		
	 Early	childhood	 Late	childhood	DS	 TD	 DS	 TD	Mean	CA	months	(SD)	 81.85	(22.19)	 71.19	(20.57)	 146.94	(23.60)	 139.63	(18.80)	N	 13	 16	 18	 16	Mean	Digit	Span	MA	months	(SD)	 55.63	(10.50)	 90.19	(25.62)	 61.18	(3.49)	 162.75	(52.58)	N	 8	 16	 17	 16	Mean	Verbal	Fluency	raw	score	(SD)	
5.42	(3.57)	 11.75	(4.94)	 7.94	(3.63)	 21.81	(6.46)	





Figure 4.1. Mean total N recalled in the three immediate 
verbal trials in DS and TD groups over early and late 



























Figure 4.2. Mean N recalled in each of the three immediate 
test trials in each age-group in DS and TD groups. Error 





































Figure 4.3. Mean N recalled in the first 3 items presented 
over the three immediate verbal trials. Error bars 
represent +/- 1 SE 
	
Figure 4.4. Mean N recalled in the middle 14 items over the 





























































Figure 4.5. Mean N recalled in the final 3 items over the 


































Figure 4.6. Mean N recalled in the delayed verbal trial 
(trial 4) in DS and TD groups over early and late 
































Figure 4.7. Mean N recalled in the first 3 items presented 
in the delayed verbal trial (trial 4). Error bars represent 
































Figure 4.8. Mean N recalled in the middle 14 items 
presented in the delayed verbal trial (trial 4). Error bars 
represent +/- 1 SE 
	
	
Figure 4.9. Mean N recalled in the last 3 items presented 
in the delayed verbal trial (trial 4). Error bars represent 
































































Figure 4.10 Mean N recalled in the final immediate verbal 
trial (trial 3) and the delayed verbal trial (trial 4). 





































Table 4.3 Correlation coefficients, significance and N’s for learning and decay and CA, digit span 
MA, raw verbal fluency, non-verbal and verbal MA equivalents split between DS and TD groups. CA 
and all MA in months 
	
Group	 Measure	 Statistic	 CA	 Digit	Span	MA	 Verbal	Fluency	 Non-Verbal	measure	 Verbal	score	
DS	
Learning	 Pearson	Correlation	 0.237	 -0.086	 0.168	 0.332	 0.215	Sig.	(2-tailed)	 0.215	 0.689	 0.392	 0.109	 0.263	N	 29	 24	 28	 26	 29	
Decay	 Pearson	Correlation	 0.473**	 0.331	 -0.057	 0.413**	 0.389*	Sig.	(2-tailed)	 0.01	 0.107	 0.772	 0.032	 0.037	N	 29	 25	 28	 27	 29	




Sig.	(2-tailed)	 0.004	 0.038	 0.094	 <0.001	 0.005	N	 31	 25	 30	 27	 31	
TD	
Learning	 Pearson	Correlation	 -0.197	 -0.193	 -0.072	 -0.251	 0.008	Sig.	(2-tailed)	 0.28	 0.29	 0.694	 0.166	 0.965	N	 32	 32	 32	 32	 32	
Decay	 Pearson	Correlation	 0.474**	 0.532**	 0.536**	 0.499**	 0.442*	Sig.	(2-tailed)	 0.007	 0.002	 0.002	 0.004	 0.013	N	 31	 31	 31	 31	 31	
WM	 Pearson	Correlation	 0.774**	 0.505**	 0.636**	 0.486**	 0.690**	Sig.	(2-tailed)	 <0.001	 0.003	 <0.001	 0.005	 <0.001	N	 32	 32	 32	 32	 32	






















































































Table 5.1 The variables measured in this chapter and the 
assessment they are derived from, along with the minimum 
and maximum scores possible or achieved Task	 Variable	 Minimum	 Maximum	Immediate	visuospatial	 Recall	 0	 20	Delayed	visuospatial	 Recall	 0	 20	Immediate	and	delayed	visuospatial	(primacy,	mid-list	and	recency)	
Average	N	item	in	each	block	was	recalled	 0	 1	
BPVS	 Verbal	score	(ceiling	item	–N	of	errors)	 12	 160	Pattern	Construction	 Raw	score	 1	 62	









Table 5.2 The mean and standard deviation (SD) CA, verbal 
score (derived from BPVS) pattern construction raw score, 
and picture recognition MA of all participants included in 
this analysis, and the N included in each assessment 
	 Early	Childhood	 Late	Childhood	DS	 TD	 DS	 TD	
Mean	CA	months	(SD)	 93.00	(10.53)	 71.19	(18.25)	 147.56	(24.38)	 139.63	(18.90)	
N	 8	 16	 16	 16	






Figure 5.1 Overall visuospatial recall group means in 
immediate (trial 1) and delayed (trial 2) test trials in DS 
and TD groups over early and late childhood. Error bars 


































Figure 5.2 Mean N recalled in the immediate visuospatial 
trial in DS and TD groups over early and late childhood. 






























Figure 5.3 Mean N recalled of first 3 items in the 



























































Figure 5.4 Mean N recalled of middle 14 items in the 
immediate visuospatial trial. Error bars represent +/- 1 SE 
	
Figure 5.5 Mean N recalled of last 3 items in the immediate 


































Figure 5.6 Mean N recalled in the delayed visuospatial 
trial in DS and TD groups over early and late childhood. 































Figure 5.7 Mean N recalled of first 3 items in the delayed 
visuospatial trial. Error bars represent +/- 1 SE 
	
Figure 5.8 Mean N recalled of middle 14 items in the 




























































Figure 5.9 Mean N recalled of last 3 items in the delayed 





































Table 5.3 Correlation coefficients, significance and N’s 
for WM and LTM visuospatial memory and CA, picture 
recognition MA, non-verbal raw (derived from pattern 
construction) and verbal score (derived from BPVS). CA and 
MA equivalents in months 
Group	 Measure	 Statistic	 CA	 Picture	Recognition	MA	
Non-verbal	raw	 Verbal	score	
DS	
WM	 Pearson	Correlation	 0.252	 0.237	 .622**	 0.294	Sig.	(2-tailed)	 0.235	 0.265	 0.002	 0.163	N	 24	 24	 23	 24	
LTM	 Pearson	Correlation	 -0.066	 -0.127	 0.539**	 -0.033	Sig.	(2-tailed)	 0.759	 0.553	 0.008	 0.877	N	 24	 24	 23	 24	
TD	
WM	 Pearson	Correlation	 .463**	 .510**	 .561**	 .457**	Sig.	(2-tailed)	 0.008	 0.003	 0.001	 0.009	N	 32	 32	 32	 32	





































































Table 6.1 The mean CA and SD of participants included in 
the associative memory study, in both immediate and delayed 
conditions 
	 Early	Childhood		 Late	Childhood		






Figure 6.1 A schematic demonstrating the familiarisation 





Figure 6.2 A schematic demonstrating the test trials of the 

















Table 6.2 The mean and SD raw score calculated from pattern 
construction component of the British Ability Scale and MA 
from the BPVS, with N that successfully completed immediate 
and immediate and delayed test trials 











Figure 6.3 PLT to the critical port in immediate and 
delayed test trials in early and late childhood in DS and 
TD groups. Chance is marked with a horizontal line at 50%. 



































Figure 6.4 PLT to the critical port in immediate test 
trials over early and late childhood in DS and TD groups. 
Chance is marked with a horizontal line at 50%. Error bars 

































Figure 6.5 PLT to the critical port in delayed test trials 
over early and late childhood in DS and TD groups. Chance 
is marked with a horizontal line at 50%. Error bars 



































Table 6.3 Correlation coefficients, significance and N for immediate and delayed associative memory 
trial PLT to targets and CA, ABC (adaptive behaviour composite standard score), non-verbal raw score 
(derived from pattern construction) and verbal score (derived from the BPVS), split between DS and 
TD groups. 
	
Group	 Measure	 Statistic	 CA	(months)	 ABC	 Non-verbal	raw		 Verbal	score		
DS	
Immediate	Trial	 Pearson	Correlation	 0.085	 -0.121	 0.145	 -0.159	Sig.	(2-tailed)	 0.627	 0.517	 0.481	 0.378	N	 35	 31	 36	 33	
Delayed	Trial	 Pearson	Correlation	 0.387*	 0.100	 0.264	 0.403*	Sig.	(2-tailed)	 0.026	 0.607	 0.201	 0.025	N	 33	 29	 25	 31	





N	 25	 21	 25	 25	




















































































Table 7.1 The mean and SD CA of all participants included 
in this analysis, and the N included in each assessment 


























Table 7.2 The variables measured and the assessment they 
were derived from, along with the minimum and maximum 
scores possible or achieved 
Task	 Variable	 Minimum	 Maximum	Overlap	 Time	 0	 845.89*	Gap	 Time	 0	 638.29*	Baseline	 Time	 0	 625.17*	Sustained	Attention	 Time	 0	 5400.00*	













Table 7.3 The mean and SD executive function experimental 
(milliseconds) and sustained attention experimental (N of 
samples), questionnaire based (ability score) and sleep 
measures (risk score), non-verbal and verbal measures of 
all participants included in this analysis 
	 Early	Childhood	 Late	Childhood		 DS	 TD	 DS	 TD	Mean	Sustained	Attention	 3774.00	 4231.15	 3557.29	 4902.92	(SD)	 (629.00)	 (705.19)	 (592.88)	 (817.15)	Mean	Disengagement	 39	 63	 30	 20	(SD)	 (90)	 (78)	 (91)	 (36)	Mean	Facilitation	 1	 -28	 -3	 -35	(SD)	 (55)	 (34)	 (94)	 (21)	Mean	Attentional	Focusing	 5.06	 4.74	 14.06	 22.67	(SD)	 (0.75)	 (0.70)	 (5.12)	 (4.03)	Mean	Inhibitory	Control	 4.77	 4.67	 13.47	 19.33	(SD)	 (0.95)	 (0.89)	 (5.00)	 (3.31)	Mean	SRBD	 0.32	 0.20	 0.34	 0.10	(SD)	 (0.16)	 (0.13)	 (0.09)	 (0.08)	
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Figure 7.1 Mean total looking time over the 6 trials of the 
sustained attention measure in DS and TD groups over early 





































Figure 7.2 Mean disengagement in DS and TD groups over 






























Figure 7.3 Mean facilitation in DS and TD groups over early 
































Table 7.4 Correlation coefficients, significance and N’s for sustained attention, disengagement and 
facilitation and CA, parental measures of attentional focusing, inhibitory control and risk of SRBD, 
and non-verbal raw score (derived from pattern construction) and verbal score (derived from BPVS). 
CA and MA in months 




Sustained	attention	 Pearson	Correlation	 -0.094	 -0.172	 0.063	 -0.042	 0.010	 0.16	Sig.	(2-tailed)	 0.593	 0.371	 0.745	 0.834	 0.962	 0.373	N	 35	 29	 29	 27	 26	 33	




Sig.	(2-tailed)	 0.922	 0.465	 0.58	 0.28	 0.369	 0.964	N	 28	 22	 22	 20	 22	 27	
TD	
Sustained	attention	 Pearson	Correlation	 0.481*	 0.488*	 0.385	 -0.420*	 -0.225	 0.364	Sig.	(2-tailed)	 0.013	 0.013	 0.052	 0.037	 0.260	 0.067	N	 26	 25	 26	 25	 27	 26	
Disengagement	 Pearson	Correlation	 -0.435*	 -0.211	 -0.299	 -0.236	 -0.582**	 -0.570**	Sig.	(2-tailed)	 0.018	 0.281	 0.115	 0.227	 0.001	 0.001	N	 29	 28	 29	 28	 29	 29	
































Table 8.1 N in each group that produced data for each 















Table 8.2 The mean CA, SD and range of the CA, non-verbal 
and verbal measures of each group that produced data for 
each task analysed in this section.  
	 	 CA	 Non-verbal	raw	score	 Verbal	score	Task	 Measure	 DS	 TD	 DS	 TD	 DS	 TD	
Total	 Mean	 110.07	 97.69	 11.23	 31.74	 52.73	 109.64	SD	 20.87	 21.91	 7.51	 16.59	 21.89	 36.44	Range	 45-175	 31-167	 34-70	 34-189	 12-106	 40-160	
Object	memory	
Mean	 109.48	 99.19	 11.04	 32.00	 54.19	 109.61	SD	 42.38	 42.98	 7.51	 16.59	 21.89	 36.44	Range	 45-170	 31-166	 1-25	 2-63	 12-106	 40-160	
Verbal	memory	
Mean	 119.77	 97.69	 11.04	 31.03	 55.60	 106.67	SD	 39.13	 43.13	 7.51	 16.59	 21.89	 36.44	Range	 47-175	 31-167	 1-25	 2-63	 12-106	 40-160	
Spatial	memory	
Mean	 129.54	 97.69	 11.23	 31.74	 59.32	 109.64	SD	 33.09	 43.13	 7.51	 16.59	 21.89	 36.44	Range	 67-175	 31-167	 1-25	 2-63	 12-106	 40-160	Immediate	associative	memory	
Mean	 110.20	 94.80	 12.04	 31.74	 65.88	 109.64	SD	 42.84	 43.9	 7.51	 16.59	 21.89	 36.44	Range	 45-170	 31-166	 1-25	 2-63	 12-106	 40-160	Delayed	associative	memory	




Table 8.3 A correlation matrix representing significant 
variances of each variable explained by CA, pattern 
construction raw scores and BPVS score 
	 CA	 Pattern	Construction	raw	 BPVS	score	







Table 8.4 The dependent variables measured in this chapter 
and the assessment they are derived from, along with the 
minimum and maximum scores possible or achieved 
Task	 Variable	 Minimum	 Maximum	














Table 8.5 Mean, standard deviation and N in DS and TD 
groups in non-verbal and verbal measures including only 
overlapping scores 












Figure 8.1 Immediate spatial recall over non-verbal raw 
score, calculated from pattern construction, in DS and TD 
groups, CI represents 95% 
	
y = 0.2919x + 2.1005 
R² = 0.31369 
y = 0.3121x + 1.4025 



































Figure 8.2 Delayed verbal recall over CA in DS and TD 
groups, CI represents 95% 
			
y = 0.0427x + 0.0463 
R² = 0.17774 
y = 0.0635x + 5.8854 
































Figure 8.3 Verbal fluency over CA in DS and TD groups, CI 
represents 95% 
		
y = 0.0388x + 2.1438 
R² = 0.22384 
y = 0.1636x - 0.7017 



























Figure 8.4 Verbal fluency over verbal score in DS and TD 
groups, CI represent 95% 
		
y = 0.0979x + 2.1323 
R² = 0.18458 
y = 0.1813x - 2.1233 


























Figure 8.5 Delayed verbal memory and verbal fluency over CA 
in the DS group, CI represents 95% 
y = 0.1076x + 5.9556 
R² = 0.22383 
y = 0.2135x + 0.2315 






















Chronological age (months) 
Verbal Fluency * 












































Figure 9.1 The relationship between dependent variable 









Figure 9.2 The relationship between dependent variable 
















Table 9.1 A summary of overall and developmental delay in age-group comparisons, delay over CA and 
MA in trajectory analyses, correlations between dependant variables and CA, verbal and non-verbal 
scores and other measures from experimental chapters. 
Domain	 Memory	 Early	and	late	childhood	comparisons	 Trajectory	analyses	 Correlations	 Point	of	interest	














WM	 Y	 Y	 Y	 Y	 N*	 N*	 Y	 -	 -	 Y	 	LTM	 Y	 N	 Y	 N	 Y	 N*	 Y*	 -	 -	 Y	 	Learning	 Y	 Y	 -	 -	 N	 N	 N	 -	 -	 N	 	Decay	 Y	 Y	 -	 -	 Y	 Y	 Y	 -	 -	 N*	 	
Associative	
STM	 Y	 N	 N	 -	 N	 N	 N	 N	 -	 -	 	





























































































































































































































































































































































































































































































































Grimace	 	Activity	 	Respiration	 	
Temperament	Temperament	 Easy!	 Difficult!	 Passive!	 NK!	Stubbornness	 Easy!	 Difficult!	 Passive!	 NK!	Difficult	to	soothe	(colic)	 Yes!	 No!	 NK!	Strategies	used	to	calm	 	Sucking	reflex	 					Good!	 Bad!	
At	Home	
	Type	of	play		 Joint!	 Individual!	 Both	!	 Other!	 NK!	Did	your	child	attend	nursery?	 Yes!	 No!	 NA!	Did	your	child	have	a	child	minder?	 Yes!	 No!	 NA!	TV	Exposure		 Little!	 Moderate!	 Lots!	Exposure	to	touchscreen	devices	 Little!	 Moderate!	 Lots!	Exposure	to	the	outdoors		 Little!	 Moderate!	 Lots!	Does	your	child	hear	more	than	one	language	at	home?	 Yes!	Specify:	 No!	
Physical	exercise	level	 High	!	(>1hr/day	intense)		 Medium!	(15mins/day	intense)	
Low	





Developmental	History		 Age	if	known:	Gross	motor	 Early!	 Average!	 Late!	 NK!	 	Fine	motor	 Early!	 Average!	 Late!	 NK!	 	Social	 Early!	 Average!	 Late!	 NK!	 	Self-help	 Early!	 Average!	 Late!	 NK!	 	Smile	 Early!	 Average!	 Late!	 NK!	 	Babble	 Early!	 Average!	 Late!	 NK!	 	Say	first	word	 Early!	 Average!	 Late!	 NK!	 	Sit	 Early!	 Average!	 Late!	 NK!	 	Stand	 Early!	 Average!	 Late!	 NK!	 	Crawl	 Early!	 Average!	 Late!	 NK!	 	Walk	 Early!	 Average!	 Late!	 NK!	 	Climbed	stairs	 Early!	 Average!	 Late!	 NK!	 	Developmental	regression	 Yes	!	 No	!	 	 NK!	 	
Family	and	Household	Household	income	(optional)	 	Family	size	(immediate)	 	







children.	Did	the	mother:	 	Take	folic	acid	supplements	 	Smoke	 	Drink	alcohol	 	Exercise	 	Know	their	baby	had	DS	 	Take	psychoactive	medication:		 	i)	CNS	depressants	 	ii)	Opiates	 	iii)	Antipsychotics	 	iv)	Hallucinogens	 	v)	Other	 	Take	any	other	medication	during	pregnancy	(if	so,	please	specify)		
	
Did	your	child	move	a	lot	during	pregnancy?	 	





























	 Y/N	 Age	of	Onset	 Y/N	 Age	of	Onset	 Y/N	 Age	of	Onset	 Y/N	(if	yes,	maternally	or	paternally	derived)	 Age	of	Onset	
	
Down’s	Syndrome	
Trisomy	21	 	 	 	 	 	 	 	 	
Nondysjunction	
(origin)	
	 	 	 	 	 	 	 	




	 	 	 	 	 	 	 	
Any	other	
comments	






	 	 	 	 	 	 	 	
Develop
mental	Delay	
	 	 	 	 	 	 	 	
Learning	
Disability	
	 	 	 	 	 	 	 	
Tubercul
ar	Sclerosis	
	 	 	 	 	 	 	 	




	 	 	 	 	 	 	 	
Alzheime
r’s	Disease	
	 	 	 	 	 	 	 	
Neuromu
scular	Disorder	
	 	 	 	 	 	 	 	
Cerebral	
Palsy	
	 	 	 	 	 	 	 	
Motor	
Defect	(other)	





	 	 	 	 	 	 	 	
type	 	 	 	 	 	 	 	 	
Other	
(specify)	





	 	 	 	 	 	 	 	
a)	Vision	
Corrected	
	 	 	 	 	 	 	 	
Wearing	
Spectacles	
	 	 	 	 	 	 	 	










	 	 	 	 	 	 	 	
Recurren
t	Ear	Infections	
	 	 	 	 	 	 	 	
Pressure	
Equaliser	Tubes	
	 	 	 	 	 	 	 	
Glue	Ear	 	 	 	 	 	 	 	 	







	 	 	 	 	 	 	 	
Depression	 	 	 	 	 	 	 	 	
Anxiety	Disorder	 	 	 	 	 	 	 	 	
OCD	 	 	 	 	 	 	 	 	
Schizophrenia	 	 	 	 	 	 	 	 	
Personality	
Disorder	
	 	 	 	 	 	 	 	
Self-Injuring	
Behaviours	
	 	 	 	 	 	 	 	
Suicide	Attempt	 	 	 	 	 	 	 	 	
Psychiatric	
Disorder	
	 	 	 	 	 	 	 	
APPENDIX	A	
440	
ADHD	 	 	 	 	 	 	 	 	
Eating	Disorder	 	 	 	 	 	 	 	 	
Sleep	Disorder	 	 	 	 	 	 	 	 	
a)	Insomnia	 	 	 	 	 	 	 	 	
b)	Narcolepsy	 	 	 	 	 	 	 	 	
c)	Frequent	
waking	
	 	 	 	 	 	 	 	
d)	other	 	 	 	 	 	 	 	 	
Victim	of	abuse	 	 	 	 	 	 	 	 	
Substance	abuse	
(type)	
	 	 	 	 	 	 	 	
Other	 	 	 	 	 	 	 	 	
	
Allergies	
Food	 	 	 	 	 	 	 	 	
Skin	 	 	 	 	 	 	 	 	
Eczema	 	 	 	 	 	 	 	 	
Psoriasis	 	 	 	 	 	 	 	 	
	
Allergies	




	 	 	 	 	 	 	 	
Environmental		 	 	 	 	 	 	 	 	
Medication		 	 	 	 	 	 	 	 	
Other	 	 	 	 	 	 	 	 	
	
Head/Brain	
Microcephaly	 	 	 	 	 	 	 	 	
Macrocephaly	 	 	 	 	 	 	 	 	
Head	
circumference	
	 	 	 	 	 	 	 	
Structural	
Abnormalities	
	 	 	 	 	 	 	 	
Inflammation	 	 	 	 	 	 	 	 	
Gaps	in	Blood-
Brain	barrier	
	 	 	 	 	 	 	 	
Meningitis	 	 	 	 	 	 	 	 	
Encephalitis	 	 	 	 	 	 	 	 	
Febrile	Seizures	 	 	 	 	 	 	 	 	
Seizure	Disorder	 	 	 	 	 	 	 	 	
Epilepsy	 	 	 	 	 	 	 	 	
Have	you	had	an	
EEG	before	










	 	 	 	 	 	 	 	
If	yes,	type	 	 	 	 	 	 	 	 	
a)	CT	 	 	 	 	 	 	 	 	
b)	MRI	 	 	 	 	 	 	 	 	




	 	 	 	 	 	 	 	





	 	 	 	 	 	 	 	










	 	 	 	 	 	 	 	
Asthma	 	 	 	 	 	 	 	 	
Lung	
Malformations	
	 	 	 	 	 	 	 	
Frequent	
pneumonia	
	 	 	 	 	 	 	 	
Aspiration	 	 	 	 	 	 	 	 	
Other	Cardiac	
Malformation	
	 	 	 	 	 	 	 	
Cyanosis	 	 	 	 	 	 	 	 	





	 	 	 	 	 	 	 	
Hypothyroidism	 	 	 	 	 	 	 	 	
Hyperthyroidis
m	
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Diabetes	 	 	 	 	 	 	 	 	
Asthma	 	 	 	 	 	 	 	 	
Hyper/	
hypoglycaemia	
	 	 	 	 	 	 	 	
Pancreatic	
Insufficiency	
	 	 	 	 	 	 	 	
Growth	Disorder	 	 	 	 	 	 	 	 	




	 	 	 	 	 	 	 	
Other	comments	 	 	 	 	 	 	 	 	
Immunologic	
Autoimmunity	 	 	 	 	 	 	 	 	
Coeliac	Disease	 	 	 	 	 	 	 	 	
Sickle	Cell	
Anaemia	
	 	 	 	 	 	 	 	
Recurrent	
Infections	
	 	 	 	 	 	 	 	
Sepsis	 	 	 	 	 	 	 	 	
Immune	
Deficiency	
	 	 	 	 	 	 	 	
Jaundice	 	 	 	 	 	 	 	 	
Vaccinations	
(list):	










	 	 	 	 	 	 	 	








	 	 	 	 	 	 	 	
	
Cancer	
Type	 	 	 	 	 	 	 	 	
1.	Leukemia	 	 	 	 	 	 	 	 	
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a)	Blood	count	 	 	 	 	 	 	 	 	
Other	
information	
	 	 	 	 	 	 	 	
2.	
Prostate	cancer	
	 	 	 	 	 	 	 	
Other	
information	
	 	 	 	 	 	 	 	
Other	
type	(specify)	
	 	 	 	 	 	 	 	
	
Other	Conditions	
Stenosis	 	 	 	 	 	 	 	 	
Specify	 	 	 	 	 	 	 	 	
a)	details	 	 	 	 	 	 	 	 	
	
Current	Medications/supplements	
Type	 	 	 	 	 	 	 	 	
Dose	 	 	 	 	 	 	 	 	
	
Current	Medications/supplements	etc	
Reason	 	 	 	 	 	 	 	 	
Supplements	 	 	 	 	 	 	 	 	
Coffee	of	cups	
(per	day)	
	 	 	 	 	 	 	 	
	
Gastrointestinal	
Dysphagia	 	 	 	 	 	 	 	 	
Reflux	 	 	 	 	 	 	 	 	
Feeding	
difficulties	
	 	 	 	 	 	 	 	




Hernia	 	 	 	 	 	 	 	 	
Gastrointestinal	
Disorder	
	 	 	 	 	 	 	 	





	 	 	 	 	 	 	 	
Discoloured	
urine	
	 	 	 	 	 	 	 	
Irritable	
Bowel	Syndrome	
	 	 	 	 	 	 	 	
Other	
Comments	
	 	 	 	 	 	 	 	
	
Mouth/Teeth	
Cleft	lip	 	 	 	 	 	 	 	 	
Cleft	
palate	
	 	 	 	 	 	 	 	
Speech	
Difficulties	
	 	 	 	 	 	 	 	
Neonatal	
Teeth	
	 	 	 	 	 	 	 	
Dental	
abnormalities	
	 	 	 	 	 	 	 	
Other	
comments	





	 	 	 	 	 	 	 	
Fractures	 	 	 	 	 	 	 	 	
Joint	
Dislocation	
	 	 	 	 	 	 	 	
Birth	
marks	
	 	 	 	 	 	 	 	




	 	 	 	 	 	 	 	
Pigmenta
tion	
	 	 	 	 	 	 	 	
Other	
comments	
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Chapter	11 Appendix	B:	Task	order	Brief	overview	of	tasks	administered	but	not	analysed	herein	Task	Order	 Day	1	or	2	of	DS	assessment	 Procedure	 Maximum	time	taken	for	assessment	(minutes)	Grammar	and	Phonology	Scale	 1	 Standardised	assessments	 10	Tower	of	London	 1	 Standardised	assessments	 15	Finger-Nose	test	 1	 Standardised	assessments	 1	NEPSY	tracks	 1	 Standardised	assessments	 10	



















y = 0.1031x + 30.8 
R² = 0.06285 
y = 0.1458x + 38.515 








































y = -0.0023x + 23.09 
R² = 0.00016 
y = 0.0584x + 16.787 








































y = 0.0343x - 0.3161 
R² = 0.06395 
y = 0.1043x + 0.364 

































y = -0.0074x + 3.255 
R² = 0.00437 
y = 0.0939x + 1.3266 




























y = 0.0671x + 6.5383 
R² = 0.17269 
y = 0.2631x + 3.2366 





























y = 0.0925x + 9.552 
R² = 0.05451 
y = 0.4513x - 15.39 

































y = 0.0477x - 1.1312 
R² = 0.25389 
y = 0.1078x + 0.2753 




























y = 0.0794x - 0.0501 
R² = 0.08196 
y = 0.1841x - 7.22 





























y = 0.0229x + 5.1001 
R² = 0.04054 
y = 0.1027x + 10.494 


























y = 0.1956x - 5.4581 
R² = 0.35634 
y = 0.1684x + 3.9234 

























y = 0.0421x + 1.6583 
R² = 0.25395 
y = 0.1636x - 0.7017 


























y = 0.0957x + 1.116 
R² = 0.12635 
y = 0.1813x - 4.2992 

























y = 0.029x + 48.313 
R² = 0.00797 
y = 0.1627x + 46.21 



































y = 0.1357x + 35.451 
R² = 0.14962 
y = 0.0926x + 48.928 






























y = 0.1031x + 30.8 
R² = 0.06286 
y = -0.0023x + 23.092 







































y = 0.1714x - 1.5804 
R² = 0.06395 
y = -0.0372x + 16.275 

























y = 0.1178x + 11.471 
R² = 0.17266 
y = 0.2384x - 5.656 






















Chronological age (months) 
Immediate Verbal * 





y = 0.029x + 48.313 
R² = 0.00797 
y = 0.1357x + 35.451 






























y = 0.1714x - 1.5804 
R² = 0.06395 
y = 0.5216x + 1.8201 
R² = 0.3957 
y = -0.0372x + 16.275 
R² = 0.00437 
y = 0.4695x + 6.6328 






























y = 0.1178x + 11.471 
R² = 0.17266 
y = 0.4617x + 5.6771 
R² = 0.68096 
y = 0.2384x - 5.656 
R² = 0.25389 
y = 0.5389x + 1.3766 
























DS-delayed verbal * 






y = 0.1623x + 16.758 
R² = 0.05451 
y = 0.7918x - 27 
R² = 0.54244 
y = 0.3971x - 0.2504 
R² = 0.08196 
y = 0.9207x - 36.1 

































y = 0.029x + 48.313 
R² = 0.00797 
y = 0.1627x + 46.21 
R² = 0.16579 
y = 0.1357x + 35.451 
R² = 0.14962 
y = 0.0926x + 48.928 


















Chronological age (months) 
DS-immediate 
associative 
TD-immediate 
associative 
DS-delayed 
associative * 
TD-delayed 
associative 
